ABSTRACT: The presence of a protein in the cell is the result of a complex pathway that is known by the term gene expression. In this article we review the existing literature on the structure and expression of representative salivary gland genes and their regulated expression during development and upon extracellular stimulation. The expression of one of the "nuclear" protooncogenes, c-fos, in rat parotid glands is also discussed. Finally, we present some suggestions for future studies that will help to understand the mechanisms leading to gene regulation in rat salivary glands.
I. INTRODUCTION
The salivary glands of mammals produce and secrete a spectrum of glycosylated and nonglycosylated macromolecules. In broad functional terms these molecules may be classified as belonging to one of the following major groups, i.e., those with: cell stimulating activity [e.g., nerve growth factor (NGF), epidermal growth factor (EGF)]; anti-enzymatic or enzymatic activity [e.g., cystatins, proteases, amylase]; tissue coating function [e.g., mucins, proline-rich proteins (PRPs)], those that bind bacteria [e.g., mucins, glutamine/glutamic acid-rich proteins (GRPs), PRPs, amylase]; and secretory proteins with unknown functions [e.g., parotid secretory protein (PSP)]. A summary of the proposed functions and cellular localization of these molecules is given in Table 1 .
Considerable evidence suggest that in rodents the biosynthesis, processing, and secretion of most salivary secretory proteins is mediated by the sympathetic nervous system. Specific stimulation of (3-adrenoreceptors in vivo alters both the morphology of the rat parotid and submandibular gland and the levels of mRNA encoding many secretory proteins, including PRPs, amylase, PSP, GRPs, cystatins. Posttranslational processing (e.g., glycosylation of GRPs) has also been shown to be influenced by (3-adrenergic stimulation. Thus, rodent salivary glands are not only an excellent model for the elucidation of neurotransmitter and hormonal regulation of cellular processes, but they have also been used to study the molecular mechanisms involved in tissue-specific gene expression during postnatal development. The best example is the utilization of two promoters by the a-amylase (Amy-1) gene and the differential processing of the PSP mRNA during parotid gland differentiation. In this article we review (1) the structure and organization of several representative genes that encode salivary proteins of the rodent parotid and submandibular glands; (2) the activation of these genes during glandular differentiation and upon extracellular stimulation; and (3) the expression of c-fos proto-oncogene and its consequences in salivary gland proliferation.
gle-stranded RNA identical in sequence with one of the strands of the duplex DNA is generated. The conversion of the nucleotide sequence of the RNA into the sequences of amino acids comprising a protein is called translation. With this basic understanding in mind, we discuss here some genetic properties of the best-studied salivary gland genes.
II. THE STRUCTURE AND EXPRESSION OF REPRESENTATIVE SALIVARY GLAND GENES
The precise mechanisms for protein synthesis are very crucial to the normal functioning of a cell and to an organism as a whole. When a cell needs to produce a protein, it activates the corresponding gene that specifies a particular sequence of amino acids, the building blocks of proteins. Genetic information is carried by the sequence of DNA. Information is expressed by a two-stage process, transcription and translation. Transcription is the process by which a sin-
A. Kallikreins
Kallikreins are serine proteases that cleave kininogens to yield vasoactive peptides and they are distributed in a variety of tissues (see Table  2 ). A number of other serine proteases have been identified that are closely related to tissue kallikrein. Rodent submandibular glands contain the highest levels of kallikrein-like enzymes. Members of this family of proteases include: tonin, which cleaves angiotensin II from angiotensinogen; subunit of nerve growth factor, which processes the C-terminus of the EGF precursor protein; and the glandular kallikreins. Kallikreins are encoded by multigene families; the mouse has 24 member genes, the rat 10 to 17, and the human contains at least four distinct genes. 1 The mouse genes have been shown to be highly homologous and are thought to form a single and tightly couped (often separated by 5 kb or less) genetic locus on chromosome 7 2 (Table 3 ). Ten of the mouse genes are pseudogenes, whereas the remaining 14 can potentially encode functional protein. 3 The genomic organization of murine and rat kallikrein genes is conserved, the exon/intron organization is quite similar and the close linkage of kallikrein genes at one chromosomal locus has also been conserved between mouse and rat. 45 At least six discrete kallikrein-like mRNAs have been demonstrated to be expressed in the rat submandibular gland. Transcripts PS and S2 encode true kallikrein and tonin, respectively. The specific identity of the encoded proteins by rat mRNAs SI, S3 and Kl, and PI has not yet been determined. 4 Kallikrein levels as measured by immunoassay appear to be modulated by androgens. 6 Genes encoding rat tonin and a kallikreinlike serine protease have been characterized recently. 7 A high degree of homology was found upon comparison of the rat tonin gene and the kallikrein-like gene, further supporting the concept that there is a close evolutionary relationship among the different members of the kallikrein family.
B. Renin
Multiple isoforms of renin have been identified in male mouse submandibular glands.
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These proteases cleave angiotensinogen to form angiotensin I, and thus play a central role in the regulation of blood pressure. These enzymes are synthesized as inactive pro-enzymes and the processing of the major isoforms has been mapped. 10 Testosterone stimulates synthesis of renin in female tissues, suggesting that the transcription of renin mRNA is regulated by this hormone. 10 In common with nerve growth factor and epidermal growth factor, renin is synthesized in the granular-convoluted tubular cells of the submandibular gland. While the levels of renin can represent as much as 2% of the male mouse submandibular gland protein, renin is not found in female rats, 10 leading to the speculation that renin is associated with the particularly aggressive activity of male mice. 
C. Cystatins
The cysteine proteinase inhibitors of the cystatin superfamily consist of three subgroups.
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Type 1 cystatins (stefins) are simplest in structure, containing no disulfide bonds or carbohydrate. To date, no type I cystatins have been identified in saliva of rodents.
Type 2 cystatins are more complex, containing disulfide loops, and are comprised of approximately 115 amino acids. Recent work by Bedi 1213 has identified a type 2 cystatin in rat submandibular gland saliva. Of particular interest is that this cystatin requires induction with the (3-adrenergic agonist isoproterenol for expression. First identified as LM protein by Menaker and co-workers, 14 sequence analysis by Shaw and co-workers reveals a 40 to 50% sequence identity with other type 2 cystatins, including human salivary cystatin. 15 High levels of cystatin mRNA persist in glands of chronically treated animals for 6 d following cessation of isoproterenol treatment, suggesting a long half-life for this transcript. 16 In colloboration with G. S. Bedi, we have recently localized the induced cystatin to the acinar cells of the rat submandibular gland. 17 The functional role of cystatin induction remains obscure. While it is not yet known if other stimuli such as inflammation or heat shock can also induce expression of this protease inhibitor, it is plausible that response represents some protective mechanism.
Type 3 cystatins are the most complex and are termed kininogens. Kininogens are multifunctional proteins that serve both as potent inhibitors of cysteine proteinases as well as the biosynthetic precursors of the vasoactive peptides termed kinins. These affect a wide range of biological systems, including smooth muscle and the cardiovascular system. 18 Three forms of kininogen are encoded by three genes. 1920 The highmolecular-weight form (HMW) and the low-molecular-weight form (LMW) are encoded by a single gene (the K gene) through the alternate utilization of two unique 3' coding regions. Two different genes encode the third form of kininogen, termed the TI and TH-kininogens. Sequence homology between rat T and K mRNAs suggest that the T genes are formed by gene duplication of the K gene.
Rat kininogens have been localized by immunohistochemistry to the acinar cells and granular-convoluted tubular cells of the submandibular gland. Following induction of an acute-phase (turpentine-induced) inflammatory response, however, kininogen mRNA levels increased only within the liver.
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D. Proline-Rich Proteins (PRP)
A primary function of saliva is to form a protective coat about the hard and soft tissues of the mouth. This tissue coating function is fulfilled by families of salivary proteins that have unusual and degenerate amino acid compositions made up of tandem repeat units. Available evidence suggests that the overall architecture of these proteins, rather than a specific amino acid sequence, is important for their function.
The best-characterized family are the prolinerich proteins, so named because of their unusually high proline (25 to 45%) content. Rodent PRPs are encoded by tissue-specific, multigene families. 22 The expression of subsets of PRPs is dramatically induced by chronic injections of the (3-adrenergic agonist isoproterenol 2324 in rats and mice. Of considerable interest is the finding that dietary tannins also induce these proteins in rats and mice, leading to the suggestion that the PRPs can bind to and clear potentially deleterious substances from the mouth. 25 In further support of this is the finding that tannins are toxic to hamsters and this species fails to synthesize PRPs in response to tannins. 26 The nucleotide sequences of several PRPs from rat, 232427 mouse, 2324 and human have been decoded. In addition, the sequence and organization of genes encoding mouse 2829 and hamster 30 PRPs have also been reported. A common evolutionary ancestry of these genes is apparent in chromosomal localization (Table 3 ) and the 5' untranslated regions and the signal peptides that are highly conserved among hamster, rat, mouse, and human PRP RNAs. It is believed that these conserved sequences may represent the necessary cis-elements that underlie the isoproterenol-mediated induction of this family of proteins. Functional analysis of putatitive cis-regulatory elements has been hampered by the lack of suitably characterized cell-lines that maintain an appropriate "salivary-specific" phenotype. A recent report addressing this issue has appeared in which parotid-hepatoma hybrid cells were prepared. 31 The hybrid cells exhibited increased PRP mRNA synthesis when incubated with either dibutyryl cyclic AMP or forskolin.
E. Glutamine/Glutamic Acid-Rich Proteins (GRPs)
The glutamine/glutamic acid-rich proteins (GRPs) are a family of secretory proteins that are abundantly expressed in the acinar cells of rat submandibular glands. 3234 Approximately 3 to 5% of rat submandibular RNA encodes GRP transcripts. 32 ' 33 Half of the protein-coding sequence is composed of five 23-residue tandem repeats that are greatly enriched in glutamic acid and glutamine residues. The signal sequence and portions of the 5' -untranslated regions of a GRP have been shown to display 91% nucleotide homology with the corresponding regions of isoproterenolinducible rat and mouse PRPs, suggesting that these two protein families are derived from a common ancestor. Recent work from our laboratory has demonstrated that expression of GRP is restricted to rat submandibular glands. No evidence of transcript was detected in RNA prepared from bovine, ovine, porcine, or murine submandibular glands. 35 Thus, the GRP differ from the PRP, which are widely distributed among different species. They also display relatively high levels of homology. 26 Recent work from our laboratory has demonstrated that chronic isoproterenol treatment influences the expression of the steady-state level of two discrete GRP transcripts.
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F. Spot Proteins
Work performed in collaboration with D. P. Dickinson has led to the identification and characterization of a class of salivary proteins termed "spot proteins". 36 Rat spot protein 1 has an M r of 6370, whereas the size of inbred mouse spot 1 is 11,605. A second component is expressed in some stocks and strains of Mus and this spot 2 protein varies in size up to 19,212. In common with PRPs and GRPs, the spot protein sequence comprises three domains: a N-terminal domain rich in hydroxy and acidic amino acids, a central domain consisting of a 9-amino acid tandem repeat, and a very basic C-terminal domain. Extensive sequence divergence is observed between the rat and mouse mRNAs and their encoded proteins. The pattern of amino acid replacements is consistent with little, if any, selection constraint, suggesting that the overall architecture of the molecule, rather than the precise amino acid sequence, is necessary for spot protein biofunction.
G. a-Amylase
a-Amylase is an abundant protein produced and secreted from the serous acinar cells of the parotid and submandibular salivary glands. It also occurs in very different amounts in the pancreas and the liver. 3738 The gene of a-amylase has been identified. The a-amylase (Amy-l a ) gene is present as a single copy in the mouse haploid genome. The salivary amylase locus Amy-l a is located on chromosome 3. The gene is transcribed into mRNAs with identical coding, but different 5'-terminal, noncoding sequences in the mouse parotid gland, pancreas, and liver. 39 - 41 The mouse amylase gene thus has two promoters, 40 and, as such, one gene generates two amylase mRNA that are tissue specific. The structure of the gene is summarized in Figure 1 . The first 50 bases of the salivary mRNA are coded by the leader exon S, which lies ^7399 bp upstream of exon 1. In the liver, the first 161 bases of the mRNA are coded by the leader exon L, which lies ^4500 bp upstream of the exon 1. The mRNAs are only different in these exons (S and L) that provide the first part of the 5'-nontranslated leader sequences. The amylase coding region starts ^50 bp within exon 1 and is formed by joining exon 1 to exon 2 and the subsequent exons. The signal that specifies different splicing events resulting in the generation of parotid and liver mRNAs is not as yet known.
The Amy-l* promoters show an interesting pattern of activation during mouse parotid gland differentiation, 42 which will be discussed in detail in the next section. The organization of the rat Amy-l a gene is similar to the mouse Amy-l a . The rat gene also contains two promoters that transcribe individually. The distance between these two promoters in the rat gene is 6 kb, double the distance in the mouse gene (2.8 kb). 43 In addition, the weak promoter (L) in the rat is significantly active only in liver cells, while in the mouse it is used with similar efficiencies in parotid, liver, and pancreas. 44 Furthermore, the weak promoter is not active in rat parotid acinar cells at any developmental stage. 43 Sierra et al. have suggested two possible explanations for this lack of activity. Either rat salivary cells contain factors that specifically suppress the activity of the liverspecific promoter, or the activity of this promoter in mouse salivary tissues results from a change 
H. Parotid Secretory Protein (PSP)
The expression of salivary a-amylase in rodents coordinates with that of another gene also abundant in serous acinar cells of mouse and rat parotid salivary glands called parotid secretory protein (PSP). 38 It has been thought that the respective genes Amy-l* and PSP may direct production of the amylase and PSP proteins in a ratio set. 38 PSP is a single copy gene of 8.3 kb, which transcribes a 1 kb mRNA and is predominately expressed in parotid glands but also in submandibular and sublingual glands of humans and rodents. 4648 The gene is located in chromosome two ( 
ill. REGULATION OF SALIVARY GENE EXPRESSION DURING DEVELOPMENT AND UPON EXTRACELLULAR STIMULATION
The presence of a mature and active protein in the cell is the result of a complicated pathway (summarized by the term gene expression), including the following steps: (1) synthesis of the primary transcript; (2) turnover and processing of the primary transcript; (3) transport of the mRNA out of the nucleus and turnover in the cytoplasm; (4) translation; and (5) modification and protein turnover. The rate of the synthesis of a protein is in good agreement with the rate of synthesis with its respective mRNA. Factors that may control the abundance of the mRNAs play an important role in the regulation of protein levels. The amount of mRNA can be influenced during development and by different stimuli.
A. Regulation of Salivary Genes During Development
The activities of two genes, amylase and PSP, have been studied during cellular differentiation of the developing mouse parotid gland.
The mouse Amy-Y gene contains two promoters that are differentially activated during mouse parotid gland development. 42 The transcripts initiated from the downstream promoter (L, the liver promoter) are detectable at birth and increase to adult levels by the second week. 42 The transcripts initiated by the upstream promoter (S, salivary promoter) are detectable 1 week after birth. The levels of this mRNA increase more than 100-fold between the second and third week, at which time the parotid acinar cells of both rat and mouse proliferate and differentiate. 4245 The biosynthesis of a-amylase mRNAs that differ only with respect to their 5'-nontranslated leaders may be related to tissue-specific requirements for different amounts of the same protein. 41 For example, one way the differentiated cell may control the level of Amy-Y expression is by selecting the site and therefore the rate by which transcription is initiated. 41 If 5'-termini reflect differences in transcription initiation then tissue specific transcription initiation factors can enforce the transcription of a-amylase in a tissue-specific manner, explaining the differences in the cytoplasmic parotid (2%) and liver (0.02%) a-amylase mRNA levels. 37 Indeed, it has been suggested by Schilber and Sierra 41 that the activation of the L (liver promoter) occurring early in mouse parotid acinar cells may be the result of common transcriptional factors, while the activation of the salivary promoter starting with the onset of weaning is influenced of parotid-specific factors. 41 Amy-Y gene is 30 times more efficiently transcribed in the parotid gland than in the liver. 40 However, the liver promoter is also active in the parotid gland. Neither the parotid gland nor the liver promoter appears to be active in tissues such as brain, which does not accumulate mature a-amylase mRNA in its cytoplasm. 40 Amylase gene expression in the parotid glands of rodents is coordinately regulated with the expression of the PSP gene. Both genes are accumulated in high levels in adult gland, 2 and 10%, respectively, 4647 and they are present only at 1/50 of the adult RNA levels at day 10 after birth. 49 From 10 to 21 d both mRNAs increase rapidly to reach about half of the adult levels at day 21. The amylase and PSP mRNAs are present exclusively in the acinar cells and there is a progressive commitment of acinar cells to express these genes during the different developmental stages. 49 While increases of a-amylase mRNA steady-state levels during parotid gland development parallel the increase in Amy-Y gene transcription, the PSP gene expression does not follow this pattern. Transcription of the PSP gene is almost similar to the adult levels at 12 d but its mRNA represents only 1/50 of the adult levels. 49 According to Shaw et al., this indicates that the gene is probably actively transcribed before its mRNA accumulation. The transcribed mRNA is exported normally to the cytoplasm of the young (12 d) and adult animals, but the size of the PSP transcripts is not identical. The difference in size between the two mRNAs is because the PSP mRNA of 12-d parotid glands has a longer poly (A) tail. 49 A long poly (A) tail indicates the recent arrival of the mRNA into cytoplasm since its size decreases during the lifetime of a mRNA. 49 Because transcription and export of the nascent PSP transcript at 12 d are efficient, it has been suggested by Shaw et al. that processing (shortening) of the mRNA, when it arrives into the cytoplasm, may depend on the cytoplasmic turnover at the different stages of development. 49 For example, between the age of 10 and 21 d the parotid acinar cells undergo a tremendous elaboration of rough endoplasmic reticulum. 45 It is possible that the PSP mRNA reaches the cytoplasm of all acinar cells at 10 d of age, but accumulates only in those acinar cells that have a well-developed RER. 45 -49 This suggestion by Shaw et al. also explains, the lower amount of PSP mRNA at 12 d. The mechanising) by which cells recognize and turnover mRNAs encoding secretory proteins in the absence of adequate RER is not yet known. It is also not known whether the Amy-l* and PSP genes are regulated by the same mechanism during development since an overall similarity between the two genes does not exist, except for the 24 bp elements at -130 bp at the 5'-upstream region of PSP and Amy-V and a 60% homology around the CAAT motif. 48 The developmental pattern of rat submandibular kallikrein has been explored recently. 493 PS (true kallikrein) mRNA was detected in SMG by 10 d of age and reached adult levels by 30 to 40 d. In contrast, tonin (S2), S3, Kl, and PI were not detected until puberty. This is consistent with their expression being regulated by androgens.
B. Regulation of Salivary Genes Upon Extracellular Stimuli
Salivary secretory protein synthesis is often influenced by a spectrum of stimuli. Changes in protein amounts usually reflect changes in their respective mRNAs. For instance, hormonal stimulation of the submandibular gland with testosterone and/or thyroxine increases the amount of tissue kallikrein. Elevations of kallikrein mRNA are, at least in part, responsible for increased kallikrein synthesis. 50 Kallikreins are 25,000 to 40,000 molecular weight glycoproteins that, as already mentioned, are distributed in an array of different tissues (Table 2) . It has been suggested that because of this distribution, kallikreins have different actions in different tissues. 51 This suggestion is supported by the fact that synthesis and secretion of these enzymes are controlled by different stimuli in different tissues. For example, testosterone, thyroxine, and cortisol increase kallikrein enzyme activity and immunoreactive material in rat female submandibular gland, but not in the kidneys. 52 Furthermore, testosterone induction of mouse kallikrein gene expression appears to accompany this hormonally mediated nonuniform differentiation of striated ducts to granular convoluted tubule. 53 In the parotid and to a lesser degree in the submandibular glands, chronic in vivo stimulation of (3-adrenoreceptor results in hypertrophic and hyperplastic enlargement of these glands. The tissue changes are accompanied by profound changes in the regulation of PRP, amylase, PSP, GRP, and cystatin 2 gene expression. PRP mRNA levels are highly increased after 10 d of isoproterenol administration. This increase, however, is evident as early as day 1 (17-fold) and approaches maximum levels (57-to 71-fold) after 3d. 24 Amylase levels, on the other hand, are decreased to about 36% of the normal levels after 2 d of isoproterenol treatment and remain low throughout a 10-d treatment. 2447 The amylase's coordinate gene PSP follows the same pattern of expression during isoproterenol administration. In vitro transcription experiments using nuclei from isoproterenol-treated mice have shown that the effect of isoproterenol on steady-state mRNA levels of PRP, amylase, and PSP is, for the most part, transcriptionally regulated. 47 In the submandibular gland, isoproterenol administration has a profound effect on the expression of the cystatin 2 gene. This gene is not present in the glands of the 20-d-old embryos or in the glands of the 10-d-old rats. Cystatin 2 transcripts are visible at 21 d after birth, reach high levels at 28 d, rapidly decline to almost undetectable levels with 32-dold rats. 54 Cystatin mRNA levels are highly induced if adult rats are treated with isoproterenol for 4 d>
16,58
It is very obvious from all the studies reviewed here that p-adrenoreceptor stimulation has a profound effect on the regulation of mRNA levels of almost every salivary gland gene studied up to now. The changes of mRNA amounts for most of these genes are transcriptionally regulated and are cAMP mediated. Genes for which transcription is regulated by cAMP or by agents (e.g., isoproterenol) that increase cAMP have been identified. Among these are the genes for tyrosine hydroxylase, expressed in the adrenal medulla, 55 for the liver enzyme phosphoenolpyruvate carboxykinase, 56 and for somatostatin, a hypothalamic peptide that inhibits the release of several pituitary hormones.
5759 Cyclic-AMP mediates the hormonal induction of these genes by a conserved cAMP response element (CRE) present in their promoter region. This function-ally defined element has the 8 bp palindromic sequence T(G/T)ACGTCA. 57 A nuclear protein called CREB has been shown to bind with high affinity to the CRE of the rat somatostatin gene and regulate the transcription of this gene. 57 Phosprorylation of the CREB protein at Ser-133 appears to be critical for transcriptional induction in v/v0. 58 -59 Analysis at the 5'-flanking region of the mouse PRP (MP 2 ) gene has shown a promoter organization common in many genes. A TATAA box is located 64 bp from the initiator AUG condon and a CAAT box 97 bp upstream from the cap site. In addition putative cAMP regulatory sequences have been found between -640 and -622 bp. 28 Furthermore, there appears to be an extensive sequence homology at the 5' end between the mouse and the rat PRP genes. 28 A promoter organization common with other genes has also been shown for the PSP gene. A TATAA box and a CAAT box have been identified at 31 and 82 bp from the transcription initiation side, respectively. Sequences homologous to simian virus (S V40) and to polyoma enhancers have also been reported. 46 The importance of these sequences at present is not known. However, transfection experiments performed by Shaw and Schibler have indicated that the PSP promoter requires parotid-specific transcription factors rather than the common known factors. Since PSP and amylase gene expression is coordinated during development and fJ-adrenoreceptor stimulation, comparison of the 5'-ends between the two genes was performed. Both amylase and PSP genes contain a 24 bp element at -130 bp at their 5'-end upstream regions and a 60% homology around the CAAT motif. 46 The importance of such a sequence, and the transcription factors that may bind to this sequence and thus regulate both genes, is not yet known. It also is not known if changes in the expression of PRP, amylase, PSP, GRP, and cystatin 2 genes are mechanistically related to isoproterenol-mediated alterations in salivary gland morphology (hyperplasia/hypertrophy).
Recently, it has been shown that addition of cAMP to macrophages, thyroid cells, and C6 glioma cells causes a dramatic and rapid induction of the protooncogene c-fos. Such observations led to the proposition that extracellular stimuli may trigger the expression of a group of cellular immediate-early genes such as c-fos, which as part of the signal transduction cascade may link cell stimulation with changes in gene expression, leading to cell proliferation and differentiation. Therefore, the possible role of c-fos in isoproterenol-induced alterations in rat salivary glands was studied.
The proto-oncogene c-fos is the cellular homolog of the viral gene v-fos of the murine osteosarcoma virus 60 and is highly expressed in amnion, yolk sac, placenta, and mid-gestation fetal liver during pre-and postnatal development of the mouse. 61 - 62 Induction of c-fos has been reported in circumstances resulting in cell growth and proliferation. 63 In all cases the induction is rapid and transient. The c-fos mRNA usually reaches a peak at 25 to 45 min and returns to basal levels in 2 h regardless of continuous stimulation. The fos protein is synthesized with a time course that follows the appearance of the mRNA with a half-life time of 2 h. 63 A variety of extracellular stimuli (e.g., phorbol esters, EGF, PDGF, NGF and FGF and those using second messengers cAMP, Ca + + , calmodulin) in different tissues and cell lines can induce c-fos expression. It seems that c-fos is a direct consequence of receptor-ligand interaction. 63 The mechanisms by which c-fos may influence cell proliferation and differentiation is by regulating the transcriptional rates of target genes involved in controlling these processes. Therefore, the c-fos protein is a transcription factor. Transcription factors, such as the already-mentioned CREB, bind to a specific small sequence of DNA in the promoter region of genes. The sequence recognized by the fos protein complexes are TGAG/ C TCA, first described as the AP-1 (activator protein-1) 6465 binding sequence. The fos protein forms stable complexes with the jun proteins, product of the jun family of genes, and bind to this AP-1 DNA sequence. 6667 The fos/jun complex is formed by parallel interactions of 2-helical domains containing a heptad repeat of leucines (the leucine zipper).
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The expression of the c-fos gene has been studied by us in rat parotid acinar cells in vitro after stimulation with isoproterenol or in salivary glands after chronic in vivo treatment of rats with the same drug. 6971 The cDNA probe used in
Northern blot analysis was a full-length rat c-fos cDNA clone. Sequence analysis of this DNA reveals extensive conservation among the genes isolated from rat, mouse, and human cells. In addition, there are cAMP response elements present at the promoter region of the c-fos gene and amino acid analysis indicated cAMP-dependent kinase target sequences. 72 The levels of c-fos mRNA detected with the rat c-fos cDNA were highly induced in rat parotid acinar cells after M)0 min of treatment of cells with isoproterenol, but we could not detect c-fos transcripts in the parotid glands of chronically (8 d of isoproterenol) treated animals. 6970 Barka et al. 73 have also observed that administration of isoproterenol, in mouse, increases c-fos mRNA levels in submandibular and parotid gland at 30 to 60 min but not after 9 d. Taken together these observations suggest that, although c-fos induction is an early event in (3-adrenergic receptor stimulation, this oncogene alone, however, does not correlate with salivary gland cell proliferation. We have also observed similar results in a cell line RSMT-A5 from rat submandibular gland. 74 Here c-fos expression was highly increased by isoproterenol and/or cAMP addition as early as 30 min but with no immediate effect on cell proliferation or differentiation. In summary, these results support the notion of Shaw and Schibler that for parotidspecific gene expression during development or external stimulation, parotid-specific transcription factors may be required rather than common factors like the fos/jun proteins. It is possible, however, that fos/jun complexes are involved in the regulation of target parotid gland genes that in turn may affect the transcription of tissue-specific genes and lead to cell proliferation and differentiation. Such a hypothesis is highly speculative and can only be tested when parotid acinar cell primary cultures are available.
IV. SUMMARY AND FUTURE DIRECTIONS
The mechanisms that govern the expression of genes in the differentiated cells during development and after external stimuli are intriguing and important. Recently, there has been a dynamic effort to unravel these processes by identifying gene structure and gene regulation during cellular differention of the developing salivary gland and during short-and long-term hormonal and/or neurotransmitter stimulation. The main areas of future investigation as dictated by the studies reviewed here should start first with better analysis of the salivary secretory protein genes. The second goal must be the identification of salivary gland-specific transcription factors and tissue target gene. Third, the interactions between salivary gland-specific factors and already known transcription factors (i.e., CREB, fos/jun), and tissue target genes must be explored. Also, factors that may operate during development or be affected by isoproterenol which in turn can affect mRNA stability and processing need further study. The establishment of salivary acinar cell cultures is of paramount importance to learn what is important for salivary gland development and maintenance. One approach to generating such lines has been to express transforming DNA elements such as the adenovirus El A protein using retro virus vectors. 75 Alternatively, one could drive the expression of transforming elements with transgenic mice. Once such cell lines are available, specific mutations at important regions (promoters/enhancers) of the target genes can be performed and therefore allow an understanding of DNA regulatory elements that may be universal, or specific and absolutely necessary, in the modulation of salivary gene expression. Ultimately, the biological potential of tissue-specific genes and their specific action(s) in salivary gland development will have to be tested in vivo using transgenic mouse technology.
Advances in such areas may soon lead to an understanding of how salivary protein genes are regulated during the normal process of gland development and/or during disease. This information can then be applied in therapies for salivary gland disease (i.e., Sjogren's) and in the repair of salivary gland damage following head and neck radiation.
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